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Currently there is no large animal model of dilated cardio- 
myopathy. The smaller animal models of cardiomyopathy, 
such as the Syrian hamster, cannot be studied with echo. 
cardiography and cardllc catheterization, and the rele- 
vance of these models to human dilated cardiomyopathy is 
open to question. On the sis of some initial observations 
in Doberman pinschers, it was speculated that these dogs 
could have otxult left ventricular dysfunction. Accordingly, 
studies were performed in 46 apparently healthy Doberman 
p&hers and in 41 mongrel dogs: two.dimensional echo. 
cardiography (Jo dogs ln each group), cardiac catheteriza= 
tion (16 Doberman pinschers and 12 mongrels) and coro- 
uary blood Row studies (I3 Doberman pinschers and 6 
mongrels). In the awake, uusedated dogs studied with 
Currently there is no large animal model of dilated cardio- 
myopathy. Small animals uch as Syrian hamsters have 
conventionally been used to study the pathophysiology of 
dilated cardiomyopathy (l-3). However, itis not possible to 
study these animals using clinically applicable tools such as 
cardiac atheterization or echocardiography andtheir signif- 
icance as models of human cardiomyopathy is open to 
question. Inour experimental work using dogs we noted that 
some large dogs tended to have reduced global left ventric- 
ular function at rest. Review of the veterinary studies (4-U) 
revealed that dilated cardiomyopathy is especially common 
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schers have occult left ventricular 
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athy and should not be used experi 
cardiac physiology. 
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in large-breed dogs and is frequently reported in Doberman 
pinschers. This finding may have important implication:: I)
The Doberman pinscher may be a potential model of human 
cardiomyopathy. 2) Some presumably healthy laboratory 
animals supplied by dog pounds for cardiovascular research 
may have occult left ventricular dysfunction that, if unde- 
tected, might produce rrors in the results obtained inthese 
studies. 
We therefore undertook the present study to determine 
whether Doberman pinschers have occult left ventricular 
dysfunction. We chose mongrel dogs as controls because we 
have not noted dilated cardiomyopathy in mongrel dogs 
studied in our experimental echocardiography laboratory 
(16-18) and because genetic factors may play a role in canine 
cardiomyopathy making mongrel dogs less susceptible to
cardiomyopathy an purebred animals (12.14). 
Animals studied. The animals studied included 30 Do 
man pinschers that were privately owned and 57 dogs 
Doberman pinschers and 41 mongrels) obtained by the 
University of Virginia vivarium from federally icensed og 
pounds. The protocol was approved by the University of 
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ransducer was used to obtain 
images that were recorde deotdpe with a commercially 
available recorder (Panasonic NV 8950). 
T/E recorded images were rcviesrt~d hy (1 s id obser W 
who wm not aware of ehe Arced olrhe dog. resentative 
images from the parasternal long- and short-axis views (the 
latter at the mid~~illary muscle le 1: transferred to an 
off-line image analysis computer system, Kontron 
Electronic) (20). The end-diastolic left ve~tr~c~~ar size was 
measured from the long-axis view just of the 
mitral leaflets (19). End-diastolic and kness 
of the interventricu~ar septum and or wall were mea- 
sured from both long- and short iews from which 
average values of wall thickness were calculated. Percent 
systolic thickening was calculated using the equation (20) 
percent thickening I- [(end-systolic thickness - end- 
diastolic thicknessllend-diastolic thickness] x IOO. 
Cardiac catheterization was per- 
formed in 16 Doberman pinschers and 12 mongrel dogs 
under general anesthesia with use of either nitrous oxide and 
fentanyl(14 Dobermans, 7 mongrels) or isollurane (3 Dober- 
mans, 4 mongrels) during mechanical ventilation with a 
dual-phase control pump (Harvard Apparatus). Arterial 
blood gases were obtained at regular intervals throughout 
the catheterization. Physiologic pi-l. Po2. and Ro2 levels 
were maintained by ventilator adjostmel~t or by administra- 
tion of sodium bicarbonate, or both. 
A balloon flotation catheter was inserted through the left 
femoral vein and advanced into the pulmonary artery. A 51; 
pigtail catheter was introduced into the right femoral artery 
and a modified 8F Gensini catheter was inserted in the left 
femoral artery. The dogs were positioned on their left sides 
and right heart and aortic pressures were recorded using 
e was rrcor 
allowed tc; recover for a mi~imMm of 48 
~~tb~t~~.l~~t~~i~ before bloo 
They were anesthetized wit 
physiologic range. 
A thoracotorny was performed in the fifth left intercostal 
space and the pericardium was opened. A cannula was 
posittoncd in the lrtt atrial appendage for injection of 5 
&i of I I to I3 pm radiolabeled microspheres (Dupont). 
injections of microspheres were performed in each dog: 
baseline and durrng intravenous infusion of adenosine at a 
rate of 4.7 pm/kg per min. which produces maximal coro- 
nary vasoddation (22). 
microsphere:, were use 
order cernuu-141, tin ruthenium-~03, c 
scaardium-4n. Prior to injection into the left atri 
of microspheres was dilute 
normal saline solution co 
Immedidtely before injecti 
sphcrc suspension was agitated vigorously back and forth 
between two 6 ml syringes connected by a stopcock, a 
ploccdurc thcit produces excellent dispersion of the micro- 
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Table 1. Echocardiographic Data (mean values + I SD) 
Weight Heart Rate EDD EDDllO kg EDWT EDWTIlO kg Syst Th Nor Th 
(kn) (min-‘) (mm) (mdl0 kg) (mm) (mm/IO kg) (mm) (mm/l0 kg) %Th _ 
DOhllilllS 33 107 43 13.9 9.9 3.i 2.7 0.9 28 
(n = 30) +8 221 ?6 23.3 21.0 20.8 20.6 20.4 27 
Mongrels 24 119 38 16.5 9.4 4.1 3.4 1.5 36 
(n = 31) *5 rl6 +4 23.3 kO.9 20.8 +0.9 to.5 +I0 
p value 0.0001 0.01 o.ooo2 0.003 0.05 0.0001 0.001 O.O@Ol o.OBO3 
EDD = left ventricular end-diastolic diameter; EDWT = left ventricular end-diastolic wall thickness: Nor Th = systolic thickening normalized to body mass; 
Syst Th = left ventricular systolic thickening; Th = systolic left ventricular wall thickening. 
spheres (24). When hemodynamic status wa  stable, dupli- 
cate continuous arterial blood withdrawals were begun a d 
the microspheres were injected 15 s later. The arterial 
withdrawals were continued for a total of 90 s. 
At the end of each experiment the dogs were killed by 
applying an electrical stimulus to the right ventricle, and the 
heart was removed. The left ventricle was divided into four 
to five sections from base to apex. Transmurai samples were 
taken from each layer and each sample was divided into 
epicardial, midwali and endocardiai sections of approxi- 
mately equal weight. Each of these subsegments was 
weighed and counted for 500 s in a well counter with a 
multichannel analyzer (Auto-gamma scinriiiation counter, 
Packard) (25). The arterial blood samples and pure isotope 
samples were counted in similar fashion. 
Myocardial bloodj?ow (mllmin) was calculated as (Cm x 
Qm)/Cr, where Cm = tissue counts (counts/min), Qm = 
withdrawal rate of arterial samples (milmin) and Cr = counts 
in reference arterial sample (countslmin) (23). Flow/g of 
tissue was calculated by dividing blood flow by the sample 
weight. Transmurai, endocardial nd epicardial flow deter- 
minations were made. Endocardiailepicardiai blood flow 
ratios were calculated by dividing the endocardiai flow by 
the epicardial flow. Coronary vascular resistance was calcu- 
lated by dividing the difference between mean aortic pres- 
sure and mean left atrial pressure by transmurai myocardiai 
blood flow. 
Statistical methods. Data were compiled and analyzed on 
a minicomputer (VAX 8200, Digital Equipment) using com- 
mercially available software (RSII, BBN Software Products) 
(26). Continuous variables were expressed asmean values + 
1 SD and the Doberman pinschers and mongrels were 
compared by using the Student’s  test with pooled variance. 
Categoric variables were expressed as proportions and the 
two groups of dogs were compared by means of the chi- 
square test. Differences between groups were considered 
significant a p < 0.05 (two-sided). 
Results 
~~orardiography (Table I, Fig. 1). The Doberman pin- 
schers were significantly larger than the mongrel dogs (p = 
0.0001) and their heart rate was significantly slower (p = 
0.01). The left ventricular end-diastolic dimension was sig- 
nificantly larger in the Dobermans than in the mongrels (p = 
0.002), but not when end-diastolic dimension was normai- 
ized for body mass. The left ventricl;“ar wall thickness was 
slightly greater in the Dobermans than in the mongrels, but it 
was thinner in the Dobermans when normalized for body 
mass (p = O.OOOi). Absolute ventricular wall systolic thick- 
ening was lower in the Dobermans than in the mongrels (p = 
0.001) as was wail thickening normalized for body mass (p = 
0.0001). The percent systolic left ventricular wail thickening 
was also lower in the Dobermans (p= 0.0003). Assuming a
“normal” percent wail thickening of~2% (13), 15 (50%) of 
the 30 Dobermans and 7 (23%) of the 31 mongrels had 
impaired left ventricular systolic wail thickening (p= 0.03). 
Figure 1. Mean left ventricular wail thickness at end-diastole and 
left ventricular systolic wall thickening in mongrels and Doberman 
pinschers on two-dimensional echocardiography. The dimensions 
have been normalized for body mass. The left ventricular walls are 
thinner (p = 0.0001) in Dobermans and thicken less during systole as 
compared with mongrels (p = 0.0001). 
61 
PERCENT 
THICKENING 
END-DIASTOLIC 
THICKNESS 
Dobermans 
(n = 16) 
Mongrels 
(n = 12) 
P value 
Weight 
28 
+5 
27 
r8 
a.81 
Heart Rate 
IO1 
+I8 
139 
231 
O.OOlII 
LVESV LVEDV 
Id) Wll) LVEF 
2Y12 io 13 I26 50 17 0.38 
2714 +3 27 ?18 214 219 +0.11 
29115 13 14 150 3: 31 0.63 
+_4/4 28 +-5 +_2? s_12 k-20 kO.09 
0.I110.21 0.25 0.62 0.006 0.001 I.0 0.0001 
LVEDP = left venlricular end-diasdic pressure: LVEDV = left ventricu!ar end-diastolic volume; LVEF = left ventricular ejection fraction; LVESP = left 
ventricular end-systolic pressure; LVESV = left venlricular end-systolic volume: PA = pulmonary artery pressure: PCWP = pulmonary capillary wedge 
pressure. 
systolic performance, 
tistically significant, the heart rate tende 
Doberman pinschers than in the mo s. There was no 
difference in the systemic pressures, 
nary blood flow or coronary vascular resistance between 
Figure 2. Cineangiographic left ventricular ejection fraction in mon- 
grels and Doberman pinschers. Dobermans had a lower mean 
ejection fraction with mongrels. 
* p - c.001 
* 
a 
e 
0.00 
MONGRELS 000ERU&NS 
67 - 12) (n - 16) 
A 
nary vasodi$ation, caus 
to fall substantially in both 
e was no difference in regio 
ow or coronary vascular resist 
with dilated cardiomyopathy. 
in these reports are similar to 
current study indicate that global left ventricular function is 
ently reduced in asy matic and apparently healthy 
of this breed. The re are similar in both awake and 
Figure 3. Cineangiographically derived mean left ventricular vol- 
umes in mongrels and Doberman pinschers. The end-systolic vol- 
ume is higher (p = 0.001) and the stroke volume is lower (p = 0.001) 
in the Dobermans. 
STROKE 
VOLUME 
ENID-SVSTOI 
VOLUME 
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Table 3. Coronary Blood Flow Data (mean values + I SD) - 
Conlrol Adenosine 
.- --_~ 
Doberman Mongrel Qoberman Mongrel 
(n = i3) (n = 6) (n = 13) (n = 6) 
--em- 
HR (min-‘1 127 i: 24 143 d I4 I25 + 20 I41 + I3 
LAP (mm Hg) 1+4 926 724 723 
AoP (mm Hg) 107 + 31 104 + 21 59 f 21 52 + 22 
CO (litewmin-‘1 3.9 f I.4 3.0 f 0.8 4.3 2 1.2 3.3 d I.5 
CBF (ml*gmin-‘1 
Endo I.3 + 0.6 1.2 f 0.3 2.5 5 2.2 1.9 + 1.3 
Epi 1.2 + 0.6 I.1 f 0.3 3.4 5 2.2 1.4 t 1.3 
Trans 1.2 + 0.6 I.2 f 0.3 3.1 f 2.3 2.2 * 1.3 
Endolepi I.1 rt: 0.2 I.1 f 0.1 0.68 f 0.21 0.72 = 0.16 
CVR (mm Hgmiaml-‘1 99246 85 e 21 21 +8 21 +8 
AoP = mean aortic pressure; CBF = coronary blood flow; CO = cardiac output: CVR = coronary vascular 
resislance ([AoP-LAPjltransmwal blood flow); Endo = endocardial; Epi = epicardial: HR = heart rate; LAP = 
mean left atrial pressure; Tram = bansmural. 
anesthetized states and are not associated with any changes 
in rest coronary blood flow or in coronary blood flow 
reserve. Our data suggest that Dobermans deserve further 
investigation, especially innatural history studies and histo- 
pathologic studies, as potential large animal models of di- 
lated cardiomyopathy. Our results also indicate that these 
dogs should not be used in experimental studies designed to 
assess left ventricular function. 
Clinical features. Doberman pinschers may be the breed 
of dogs most frequently afflicted with dilated cardiomyopa- 
thy (4,12-U). Both clinical and histologic evidence of car- 
diomyopathy has been demonstrated in these dogs (15). 
They present with weight loss, anorexia, weakness, general 
debilitation, exercise intolerance, dyspnea, orthopnea, tachy- 
pnea, ascites, rhythm disturbances, syncope and sudden 
death (4). Signs develop over days to weeks, probably 
depending on the owner’s recognition f them. The expected 
life span after the onset of heart failure is only 6 to 12 months 
(4,12). Cardiomyopathy is most frequently manifested in
dogs aged 2 to 9 years (mean approximately 5 ears) (6,12). 
Because these clinical features are similar to those of human 
cardiomyopathy, Dobermans may serve as an experimental 
model of human cardiomyopathy. 
Global left ventricular function. In a study (13) of Dober- 
man pinschers, echocardiography was performed in six 
clinically normal dogs and nine dogs with cardiomyopathy. 
The percent wall thickening was 37 ?r 4% in the normal dogs 
and 15 f 5% in the dogs with cardiomyopathy. The mean 
percent systolic thickening of 28% in the clinically healthy 
privately owned Doberman pinschers in our study was 
midway between that of the normal and symptomatic dogs in 
that study (13). Furthermore, half of the privately owned 
apparently healthy Dobermans in our study had definite 
systolic left ventricular dysfunction by echocardiography. 
There are few invasive hemodynamic studies in canines 
with cardiomyopathy. A study (28) of 13 dogs with severe 
congestive heart failure (including 8 Doberman pinschers) 
reported a heart rate of 174 2 34 min- ’ and pulmonary 
artery wedge pressure of23 + 8 mm Hg. The left ventricular 
ejection fraction in our clinically healthy Dobermans was as 
low as those in previous reports of dogs with congestive 
heart failure (5,6,9) but was unaccompanied by tachycardia 
or elevated left heart filling pressures. The systolic dysfunc- 
tion we observed in the Dobermans atcatheterization was 
not due to differing afterloads because these dogs had lower 
peak and end-systolic pressures than did the mongrel dogs 
despite higher end-systolic volume and lower ejection frac- 
tion. It was also not due to the effects of anesthesia during 
catheterization because systolic dysfunction was apparent in
awake, unsedated Dobermans during echocardiography, al- 
though to a lesser degree. We also used nonionic ontrast 
medium for ventriculography to minimize the effect of the 
contrast agent on left ventricular function. The poorer left 
ventricular function oted during catheterization compared 
with that during echocardiography may be related, in part, to 
early disease in pound dogs compared with those privately 
owned. It is possible that he Dobermans obtained from the 
pounds had early manifestations of disease such as a de- 
crease in exercise tolerance and had therefore been aban- 
doned. 
Coronary bled flow studies. We are not aware of any 
previous coronary blood flow studies in dogs with occult left 
ventricular dysfunction. Our data suggest that vascular 
abnormalities are not important in the early stages of the 
pathophysiology of the systolic dysfunction observed in 
Doberman pinschers. Both the rest coronary blood flow and 
the coronary blood flow reserve were normal in the Dober- 
mans evaluated in this study. However, the coronary vas- 
culature may become involved as the disease progresses and 
may be abnormal in symptomatic dogs. 
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Y 
in 
breed and cardiac 
in humans. lin addition, the disease process i 
seen in human cardiomyopathy. We believe that further 
investigation i to systolic dysfunction in Doberman pin- 
schers is warranted to assess the feasibility of developing a 
large animal model of cardio 
gest that Dobermans sho 
models designed to study 
Li lions. There are several limitations tothis study: 1) 
Although our study demonstrates that occult cardiomyopa- 
thy is frequent inDoberman pinschers, its design does not 
examine the relation between decreased jection fraction or 
percent systolic left ventricular wall thickening and the 
syndrome of congestive heart failure. This issue must be 
addressed before the Doberman can beused as a canine 
model of human cardiomyopathy. 2) Even though t is study 
demonstrates frequent systolic dysfunction in apparently 
healthy Dobermans, it does not examine the incidence of the 
clinical syndrome of heart failure or time course over which 
it develops in these dogs. 3) The Dobermans studied by 
echocardiography were larger than the mongrel control dogs 
and were larger than the Dobermans undergoing cardiac 
catheterization. The probable reason is that hese privately 
owned ogs were better cared for than those obtained from 
pounds. Like previous authors (18,19,21), we have normal- 
ized dimensional data for body mass or body surface area. 
Although apparent abnormalities in some variables such as 
the left ventricular end-diastolic dimension are no longer 
abnormal when normalized for body mass, both absolute and 
percent left ventricular systolic thickening were significantly 
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